The bryophilous genus Bryocentria (Hypocreales, Ascomycetes), with three known species, is augmented by four new taxa. These are B. aequinoctialis, B. manubriata and B. merospora on epiphyllous Lejeuneaceae (Hepaticae) from Costa Rica, and B. septinensis on Sanionia uncinata (Musci) from Finland. Some new records of B. brongniartii and B. metzgeriae are also presented. Characters important at the generic level are the possession of small, lightly coloured, almost glabrous perithecia, a cellular cyanophilous excipulum often loosely covered by adjacent hyphae, numerous, eight-spored asci with delicate walls, tiny, two-celled ascospores of differing shapes with a cyanophilous septum or band-like structure in most species, and an obligate occurrence on bryophytes. All species, apart from the biotrophic B. brongniartii, are necrotrophic parasites that cause discoloured islet-like infections. Several species perforate the leaves of hepatics with their developing perithecia. Host species belong to different systematic and ecological groups of bryophytes, predominantly hepatics. Bryocentria merospora features a novel type of ascospore. After disarticulating, the globose partial spores concentrate in the ascus apex. The three hyperepiphyllous Bryocentria species demonstrate the wealth of nectrioid fungi in the phyllosphere of tropical rain forests.
Introduction
The manifold associations between ascomycetes and bryophytes range from occasional occurrence to a strong specificity to certain host species where distinct microniches may be occupied. genera such as Dactylospora, Hymenoscyphus, or Muellerella contain mainly non-bryophilous species but some are known to infect bryophytes. Epibryon, the largest genus of bryophilous ascomycetes with about 45 species, has four non-bryophilous members that grow on lichens (Matzer 1996 , Sérusiaux et al.1999 , Hoffmann & Hafellner 2000 . In contrast, some genera are entirely obligately bryophilous, occurring only on mosses or hepatics. Examples include Bryodiscus, Bryonectria, or Hypobryon. In these cases speciation apparently took place after adopting the bryophilous way of life. The hypocrealean Bryocentria is another genus that invariably occurs on bryophytes. It is augmented here by the inclusion of four novel species.
Perithecia formed on or between the host leaves or on their ventral side and perforating them, globose, ovoid or pyriform, soft-texured, 110-280 μm diam, when fresh, orange-coloured to yellowish, no colour change in KoH, herbarium material fading and finally completely colourless, surface more or less densely covered by 1.5-3(-5) μm wide, colourless hyphae with cyanophilous walls. Setae missing or few short setae surrounding the ostiolar region, setae apically rounded and thin-walled, up to 20 μm long and 2.5-5 μm wide at the base. Ostiole inconspicuous, punctiform, ca 5 μm diam; ostiolar canal lined with periphyses that can contain coloured droplets (fresh material). Excipulum coloured, in surface view with rectangular or slightly rounded cells (textura angularis), in middle and lower part cells up to 15 μm wide, with cyanophilous, often somewhat irregularly thickened walls with pits, cells apically smaller, with elliptical to roundish lumina; excipulum in cross-section 10-17 μm thick, composed of several layers of flattened cells containing coloured droplets; innermost cells thin-walled and tangentially elongated. Apical paraphyses extremely delicate, forming irregular, sparsely branched chains of thin-walled, ellipsoidal to subglobose cells of greatly varying size, individual cells up to 20 ( -30) μm long, 10 μm wide, orange droplets may be present; apical paraphyses filling dome-like space above hymenium and fixed at top of centrum, also between asci and connected to hymenial base, in squash mounts easily separated and friable. Asci unitunicate, in most cases cylindrical to slightly clavate, 20-60 × 3.5-7 μm, thinwalled and sometimes only spore packets visible at maturity, apically rounded, without visible apical structures, eight-spored, numerous; iodine reaction (Lugol's solution) negative. Ascospores ellipsoidal, fusiform or dumbell-shaped, twocelled (but septum often hidden by cyanophilous band), colourless, 4.5-10 × 1-3.5 μm, often with a central cyanophilous band, uniseriate or irregularly biseriate within asci; central band most clearly seen in lactophenol-cotton blue using phase-contrast optics. Hyphae colourless, up to 3 μm wide, ramified with anastomoses, sometimes forming an arachnoid aerial mycelium at base of ascomata and between and upon leaves; hyphae also superficially growing over host cells. Anamorph not observed. Typically grows necrotrophically on ecologically and systematically diverse bryophytes. Döbbeler (1978) .
Bryocentria brongniartii
Perithecia leaf-perforating, globose to subglobose, orange-coloured, 140-220(-260) μm diam. Excipulum in surface view with 5-10(-15) μm wide cells, covered by 1.5-2.5 μm wide colourless hyphae. Asci more or less cylindrical, (31-)35-46(-55) × 5-6(-7) μm. Ascospores dumbell-shaped, colourless, two-celled, (6-) 6.5-7.5(-8) × 2-2.5 μm (see Döbbeler 2004 for synonyms, detailed description including hyphal characters and illustrations).
Host: Frullania dilatata. Known distribution: Ireland, England, Finland, Germany, Austria, Switzerland, France, Spain, Italy, Greece (Döb-beler 2004) ; Belarus, Portugal. Priou (2008) gives many additional records from France and some from Spain and Portugal.
Bryonectria brongniartii is a strictly hostspecific biotrophic parasite. Perithecia develop on the protected ventral side of the leaves and perforate them. The ostioles are situated at the level of the dorsal leaf surface. In heavy infections single non-perforating perithecia may also be found between or upon leaves including the bracts of male inflorescences. Heavily infected plants with an elaborate white aerial mycelium on the ventral leaf side show a pale green discolouration. The species pertains to the most frequently encountered nectrioid ascomycetes on bryophytes. Perithecia superficially formed, almost globose or distinctly longer than wide, colourless to yellowish, 150 -200 × 100 -150 μm. Setae absent or present in the uppermost part of the ascomata, setae few, short, blunt, colourless, cyanophilous, up to 20(-27) μm long and 2.5-4.5(-5) μm wide. Ostiole inconspicuous, punctiform; ostiolar canal lined with filamentous periphyses. Excipulum ca 15 μm thick, composed of rectangular to rounded, rarely slightly undulate, cyanophilous, (3-)5-11(-18) μm wide cells, partly with up to 1.5(-2) μm wide pitted walls; surface loosely covered by adjacent hyphae; hyphae up to 25 μm long and 2-5 μm wide, cyanophilous; no colour change in KoH. Apical paraphyses extremely delicate, disappearing early. Asci unitunicate, mostly claviform, 24-40 × 5-7 μm, with delicate walls adjacent to the spores, walls at spore maturity hardly visible, eight-spored, without internal apical structures, numerous; iodine reaction (Lugol's solution) negative. Ascospores more or less rod-shaped with rounded ends, but thickest at the septum, at both ends normally also slightly enlarged, colourless, two-celled, (8-)8.5-10(-11) × 2 μm, often with a vacuole-like optically empty body at both ends, septum cyanophilous. Hyphae colourless, around perithecia 1.5-3 μm wide, cyanophilous. Anamorph not observed.
Hosts: Epiphyllous Lejeuneaceae, some perithecia also on intermingled thalli of Metzgeria sp. Known distribution: Costa Rica.
This new species grows necrotrophically, causing the dieback of its hosts. Infections, seen as bleached out or discoloured islet-like lesions on the hepatics, are dispersed within the cover of epiphyllae. Plants bearing ascomata are already dead and show signs of decomposition. Different algae and detritus begin to accumulate. Perithecia develop on or between the leaves. They may also perforate the leaves from the ventral side, protruding distinctly. Within several months of collecting the perithecia are extremely difficult to detect. Having lost their yellowish colour they attain the same tint as the surrounding substrate. Perithecia leaf-perforating, globose, golden yellow to yellowish, eventually colourless, 140-170 μm diam. Setae absent or sparsely distributed near the ostiole, up to 7 μm long, apically rounded. Ostiole inconspicuous, punctiform; ostiolar canal lined with periphyses. Excipulum ca 10 μm thick, composed of rectangular Fig. 3 . Bryocentria merospora. a = infected plant with a leaf-perforating perithecium, dorsal view, b = as a, but drawn at higher magnification; the ostiole is level with the leaf cells, which are replaced at the perforation point by excipular tissue, c = apical paraphyses, d = excipulum seen from the outside, adjacent hyphae not drawn, e = mature asci, on the right two upper parts of asci, f-h = ascospores or parts of them: f = pin-shaped partial spores lying perpendicular to the plane, g = one-celled partial spores, h = partial spores lying in the plane, below two three-celled unbroken spores, i = mature asci, j-l = ascospores or parts of them: j = pin-shaped partial spores, k = one-celled partial spores, l = threecelled unbroken spores. to rounded, cyanophilous, 5-10(-15) μm wide cells; surface loosely covered by adjacent cyanophilous hyphae; no colour change in KoH. Apical paraphyses disappearing early. Asci unitunicate, mostly cylindrical or slightly enlarged in middle or lower part, apically rounded, (16-)22-34(-38) × (3-)3.5-4.5(-5.5) μm, with delicate walls adjacent to the spores, walls at spore maturity hardly visible, at first eight-spored, without internal apical structures, at low magnification needle-shaped and very numerous; iodine reaction (Lugol's solution) negative. Ascospores colourless, in early developmental stages dumbellshaped, three-celled, 5-6 μm long, at both ends 1-1.5(-2) μm wide, one of the end-cells soon breaking off resulting in 16 dimorphic partial spores still lying in the ascus; pin-shaped partial spores two-celled, (3.5-)4-4.5(-5) μm long, globose cell 1-1.5(-2) μm diam, rod-shaped part about 1 μm wide, irregularly arranged within the asci, partly oriented to the ascus apex, partly to the base, rarely lying pairwise; separated globose or often slightly elongated partial spores one-celled, eventually concentrating in the apical ascus region (see also discussion below); spore walls apparently not cyanophilous; cytoplasmatic content of the rod-shaped part generally slightly more cyanophilous than that of the globose part. Hyphae not studied. Anamorph not observed.
Hosts: Epiphyllous hepatics (Lejeuneaceae). Known distribution: Costa Rica.
Bryocentria merospora is a necrotrophic parasite with unsual ascospores that distinguish this species in several regards. Disarticulating ascospores are a feature of widespread taxonomic distribution and well known in the Hypocreales (Rossman 1996 , Rossman et al. 1999 . Within the bryophilous fungi, Nectria brenesii, which is also parasitic on epiphyllous Lejeuneaceae, has two-celled spores that break off at the medium septum and form two almost equal partial spores (Döbbeler & Carranza 1993) . Bryocentria merospora, however, has primarily three-celled, dumbell-shaped ascospores with a septum at each end that separates two terminal globose cells. This early developmental stage seems to be a rapidly transient phase and disarticulation soon occurs. usually, all spores of an ascus break off at the same time. The proximal or distal globose cell breaks off at the septum forming two dissimilar partial spores, one two-celled, pin-shaped and asymmetrical, the other one-celled and globose. Such differently shaped ascospores within the same ascus are classed as dimorphic (Hyde et al. 1999) . In this case the spore dimorphism is very pronounced. Separation of both globose cells of a single spore has not been observed.
The most curious phenomenon happens after disarticulation, namely the sorting out of the partial spores. The globose cells concentrate in the apical ascus region, forming an irregular group of up to eight cells (Figs. 3 e, i) . Sometimes one or several isolated globose partial spores are still to be found in the middle or lower ascus region. In cases where only six or seven globose cells are situated in the apex, the missing cells must be further below or less than eight spores have been formed. Another explanation could be that a corresponding number of primary ascospores did not disarticulate. In many asci it is easy to count the apical cells, but impossible to recognize the exact number of spores in the middle or lower region because they are often clustered, lying one upon the other. Dimorphic partial spores that occupy different regions within an ascus seem to be unknown up to now.
A further peculiarity distinguishes the ascospores. Both the round end-cells and the central rod cell are, respectively, neither globose to ellipsoidal nor cylindrical structures but laterally compressed. Due to this unusual shape the twocelled partial spores can show different aspects depending on whether they lie in the plane or perpendicular to the plane (Figs. 3 f, h ). The broad side is strongly preferred. Therefore to simplify matters the end-cells are described as globose even though discoid would be more correct.
A perithecium measuring 150 μm diam may contain at least 1500 asci. That means the formation of approximately 24000 diaspores if both the pin-shaped and the globose partial spores are fertile. Even if the globose partial spores function only as spermatia due to their smallness, fertility per fruit-body is astonishingly high and may explain why no asexual state is formed.
The new species is assigned to Bryocentria in spite of its unique spore characters. Ascoma size, shape and cellular structure of the excipulum, the reaction with lactophenol-cotton blue and the small and numerously formed asci and ascospores are features of all members of the genus. As described above, B. merospora deviates by having ascospores that disarticulate and the DÖBBELER: NEW SPECIES AND RECoRDS oF BRYoCENTRIA resultant partial spores adopt an unique position within the asci. Their dumbell-like shape before disarticulation is reminiscent of the spore form of B. brongniartii, the type species of the genus. However, the B. brongniartii ascospores are not easy to interpret regarding number of cells, and they show a cyanophilous reaction (Döbbeler 2004 ) that seems to be absent in B. merospora. As the cytoplasmatic content touching the cell wall gives a positive cotton blue-reaction, the colouration of the cell wall is hard to evaluate in extremely small spores. Perithecia leaf-perforating, globose to subglobose, orange-coloured, (150-)170-230(-270) μm diam, the disk-like apex sometimes surrounded by few short setae. Excipulum in surface view with (5-)7-15(-20) μm wide cells, loosely covered by (1.5-)2-3(-4) μm wide colourless hyphae. Asci cylindrical or clavate, 28-50(-65) × (4-)4.5-5.5(-6) μm. Ascospores fusiform, colourless, two-celled, (4.5-)5.5-7.5(-8.5) × 1.5-2(-2.5) μm (see Döbbeler 2004 for a synonym, detailed description including hyphal characters and illustrations).
Hosts: Frullania dilatata, Lejeunea cavifolia, Metzgeria furcata, Porella platyphylla, Porella sp., Radula complanata (most frequent host). Known distribution: germany, Austria, Switzerland, France, Spain, Croatia, greece (Döbbeler 2004) .
Bryocentria metzgeriae kills its hosts, the infection causing discoloured, yellowish, irregular spots of varying size within green and healthy mats. Infected leaves tend to stick together showing signs of incipient decomposition. Leaf perforation occurs as in B. brongniartii. Almost all host species grow on bark of trees. Asci unitunicati, cylindrici, parietibus evanescentibus, ca 45 × 5 μm, reactio jodi negativa. Ascosporae doliiformes, incoloratae, bicellulatae, leviter verrucosae, [6] [7] Perithecia superficially formed on infected plants, pyriform to conical or ovoid, orange-coloured when fresh but soon bleaching (completely colourless after about two years), 120-170 × 90-150 μm, with few to many short apical setae. Setae colourless, cylindrical, rounded, aseptate or rarely with one septum, sometimes annularly surrounding the ostiolar region, up to 20(-35) μm long and 2.5-4 μm wide, with cyanophilous walls. Ostiole inconspicuous; periphyses lining the ostiolar canal. Ectal excipulum composed of several layers of rectangular, ca 8 μm wide cells; cells seen from above often indistinct, angular or with slightly undulate, irregularly thickened, cyanophilous and sometimes pitted walls, in the middle and lower part 6-10(-15) μm wide; excipulum covered with a thin web of adjacent, cyanophilous, 2-4 μm wide hyphae; no colour change in KoH. Apical paraphyses not seen. Asci unitunicate, cylindrical, disappearing early, ca 45 × 5 μm, eight-spored; iodine reaction (Lugol's solution) negative. Ascospores doliiform, colourless, two-celled, (5.5-)6-7 × 3-3.5(-4) μm, uniseriate within the asci, epispore usually with delicate, cyanophilous warts, rarely apparently smooth, the septal region surrounded by an inconspicuous, cyanophilous, up to 2 μm wide band. Hyphae colourless, thin-walled, ramified, 1.5-3 μm wide, sometimes more or less densely covered with cyanophilous warts, intracellular hyphae also present. Anamorph not observed.
Host: Sanionia uncinata (syn. Drepanocladus uncinatus). Distribution: Known only from the type collection.
Bryocentria septinensis (Bionectriaceae, Hypocreales) is a necrotrophic parasite. It causes a conspicuous yellowish discolouration of the infected host plants, which subsequently die off. Signs of decomposition are not visible during fruit-body formation. The perithecia occur sparsely on the surface of dead host leaves and shoots, mostly in a region 2 to 8 mm below the apex. only one or very few leaves of a shoot normally harbour perithecia, although two may develop on the same leaf. They are often laterally attached or can even be connected by a small aerial hyphal web between two adjacent leaves. In contrast to several non-leaf-perforating nectrioid species with easily detachable perithecia, in B. septinensis the perithecia adhere rather firmly to the substrate.
The new species is characterized by small orange-coloured perithecia, web-like hyphae covering the angular, pitted excipular cells, the formation of short setae, and two-celled, barrelshaped ascospores with tiny warts and a bandlike transverse structure. The cyanophilous reaction of the cell walls of hyphae including their septa, excipular cells and the epispore is very conspicuous. At least some hyphae bear cyanophilous warts on their surface.
Bryocentria septinensis is well placed in the genus Bryocentria. An important generic character is that the very small two-celled ascospores are encircled by a cyanophilous band (Döbbeler 2004) , which is best seen stained with lactophenol-cotton blue and using phase-contrast optics. Bryocentria septinensis seems to be most closely related to B. cyanodesma, which also grows necrotrophically on various acrocarpous mosses in Europe. The species differ mainly in their ascospore features: the ascospores of B. cyanodesma are almost cylindrical to narrowly ellipsoidal and are only 1.5-2 μm wide, as opposed to the doliiform ascospores of B. septinensis, which are typically twice the width.
Discussion
The species assigned to the genus Bryocentria differ considerably with regard to their ascospore characters, host selection, ecology, and geographical occurrence. The biotrophic B. brongniartii, the only Bryocentria species apparently living in equilibrium with its host, and the necrotrophic B. metzgeriae seem to be closely related although the form of parasitism is quite different. Both have comparable ascospores and perforate the host leaves from the ventral side. They infect corticolous hepatics in Europe and can occur on the same phorophyte. Recently their phylogenies confirmed the affinity to Bionectriaceae (Stenroos et al. 2010) A second group comprises B. aequinoctialis, B. cyanodesma, and B. septinensis. These species have the same spore type characterized by a central cyanophilous band-like structure. They all form superficial ascomata but colonize systematically and ecologically diverse hosts. Bryocentria aequinoctialis parasitizes epiphyllous Lejeuneaceae in tropical rain forests, whereas both other species grow on mosses in Europe.
The two remaining species B. manubriata and B. merospora also occur as hyperepiphylls on Lejeuneaceae but differ by ascospore features. Further studies will reveal if Bryocentria is homogeneous. At present it is also unclear whether the two related species Nectria gynophila and N. perianthicola, which develop within the perianths of the epiphyllous Radula flaccida (Döb-beler 2010), belong to Bryocentria.
Biologically, Bryocentria is remarkable as almost all its members behave as highly efficient necrotrophs. Typically, bryophilous taxa do not alter the aspect of their hosts in any visible manner. No asexual state has been observed in any of the Bryocentria species. Instead, infection stress exerted by the ascospores alone seems to be adequate. They are extremely small and produced in great numbers per perithecium, overwhelming the host tissues.
Although discoloured bryophytes within a green mat or cushion are highly visible and attract the observer's attention in the field, few collections were available for this study. The muscicolous species seem to be genuinely rare and are not merely rarely collected. Hyperepiphyllous Hypocreales are more frequent and undiscovered taxa surely exist. only a limited number of phorophyte leaves with epiphyllae could be screened for this study. Nevertheless, Bryocentria and its newly described species represent the increasing number of nectrioid fungi recorded as parasites on bryophytes, especially on those of the phyllosphere. They seem to reflect the explosive evolution and enormous diversification of their lejeuneaceous hosts (Schuster 1980 ) resulting in fungi with hitherto unrecorded features.
